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Supplementary Text

Metalloproteinases

Metalloproteinases are a diverse group of proteolytic enzymes that are involved in
many biological processes. Members of the M12 family of metalloproteinases are
important components of snake venoms (Brust et al. 2013), especially in viperid snakes
where they constitute the largest component of venom toxins (Casewell et al. 2009;
Rokyta et al. 2011). A variety of metalloproteinases are also expressed in the venoms of
several species of spiders, scorpions, centipedes, cephalopods, cone snails, the platypus,
and in Hydra nematocysts (Fernandes-Pedrosa et al. 2008; Jiang and al. 2010; Ruiming et
al. 2010; Whittington et al. 2010; Morgenstern et al. 2011; Undheim and King 2011;
Almeida et al. 2012; Balasubramanian et al. 2012; Rendén-Anaya et al. 2012; Terrat et al.
2012; Ruder et al. 2013). The remipede venom glands express 6 distinct transcript types
of venom-relevant metalloproteinases, with the M14 family represented by five
transcripts, and the M 13 familiy represented by a single transcript. Together these
transcripts represent over 5.5 % of venom gland toxin diversity, and they comprise just
over 1% of the total number of expressed toxin reads (Figure 2). Interestingly, we find in
all reconstructed trees (Supplementary Figures 6a, 6b, and 6c¢) distinct clades that are
composed of transcripts deriving from complete animal tissue. Given the different effects
that metalloproteinases can have in different venoms, including degradation of
extracellular matrix, prevention of blood clotting, inflammation, skin damage, and
myonecrosis, and the roles they play in normal cellular processes, the precise roles of the

remipede venom metalloproteinases remain unclear.

Cysteine Rich Secretory Proteins (CRISPs)

CRISPs are found in the venoms of a variety of animals, including cone snails,
centipedes, hymenopterans, and the duck-billed platypus, but they are particularly
important components of snake venoms (Fry et al. 2009; Cardoso et al. 2010; Undheim
and King 2011). The hymenopteran venom allergens, such as antigen 5 (aka allergen 5)

are also classified in this group. Venom CRISPs are known to have a variety of activities,



including ion channel blocking, the inhibition of smooth muscle contraction, and causing
myonecrosis. The remipede venom glands express two distinct CRISP transcripts that
together with all but one CRISP sequence from the complete animal library group
together in a remipede-specific clade (Supplementary Figure 7a). This clade is sister
group to a clade of hymenopteran venom allergens 5 and 3. Venom allergens are typical
components of hymenopteran venoms, but they have recently also been detected in the
venom of several species of centipedes (Liu et al. 2012). The pattern of cysteine residues
in the remipede CRISPs has diverged, however, from that of the hymenopterans, and
some of the remipede sequences also show several insertions not present in the
hymenopterans sequences (see Supplementary Figure 7b). The biological role of the

remipede venom CRISPs remains unknown.

Venom serine carboxypeptidases

The third most highly expressed toxin in the remipede venom glands shows strong
similarities to the venom serine carboxypeptidases found in several hymenopteran
venoms (Supplementary Figure 8). They are members of the peptidase S10 family, and
the remipede venom gland transcripts contain the conserved Ser-Asp-His catalytic triad
characteristic of this family (alignment positions 105-476-541, see alignment data in
DRYAD link given in the acknowledgements). The biological role of this toxin in
remipede venom is unclear, but given that members of the peptidase S10 family are
active at acidic pH, they may perform their function in the venom before it is injected

into the prey.

Serine protease inhibitors (Serpin, Kunitz)

Serpins are serine protease inhibitors that have been found in a variety of venoms
(especially the Kunitz-type serpins), including those of snakes, cnidarians, cone snails,
platypus (Whittington et al. 2010; Balasubramanian et al. 2012; Terrat et al. 2012; Brust
et al. 2013; Ruder et al. 2013), and hymenopterans (Asgari and Rivers 2011; Colinet et al.
2013), as well as the salivary secretions of hematophagous insects and leeches (Fry et al.
2009; Min et al. 2010). Depending on the type of serpin and the taxon in which it occurs

they can have different effects, including ion channel blocking, interference with blood



coagulation, and causing hypertension. The remipede serine protease inhibitors are
expressed at low levels in the venom glands. In addition to the venom gland transcripts a
variety of different non-Kunitz serpin transcripts are expressed in the complete animal
library, placed in three different clades in our tree (Supplementary Figure 9a). However,
the support for these clades is extremely low, leaving the precise pattern of serpin
diversification uncertain. The function of the remipede non-Kunitz serpins also remains
unknown. One Kunitz-type serpin is expressed in the remipede venom gland. The nearest
non-remipede sequence in our tree is a scorpion Kunitz toxin that has potassium channel
inhibiting activity. However, there is no statistical support for the structure in our tree due
to the great sequence diversity of Kunitz sequences (Supplementary Figure 9b).

Consequently, the function of the remipede Kunitz remains unknown.
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Supplementary Figure 1.

Methodological workflow used in this study. A.) Steps of the work done, from collecting
material to the final assembly of cDNA transcripts. B.) Details of the processing pipeline
developed to identify putative venom proteins. Scripts and software that were used are
displayed at top of the arrows. C.) Reconstruction of phylogenetic trees to reveal the

evolution of venom proteins.
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Supplementary Figure 2a

Comparison between venom gland and complete animal tissue gene expression for
secreted proteins. On the left the composition of the transcripts derived from the venom
gland tissue (VgT) is displayed in contrast to the complete animal tissue transcripts
(BVgT) on the right. The molecular function for each sequence of the secreted protein
fraction of both libraries is identified by GO annotation using BLAST2GO. Red fonts
denotes transcripts absent for the particular GO-terms, black font denotes presence in
both libraries and green highlights the most highly expressed transcripts. See
Supplementary Table 1 and 2 for a complete description of each sequence of identified

secretory proteins.
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Supplementary Figure 2b

Comparison and composition of identified venom proteins between venom gland and
complete animal libraries. On the left the composition of the venom proteins derived
from the venom gland tissue (VgT) is displayed in contrast to the complete animal tissue
transcripts (BVgT) on the right. The contig numbers are given followed by the percentage
for each of the venom protein family. The legend for colour-coded venom protein

families is included.
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